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Description
BACKGROUND OF THE INVENTION
(Field of the Invention)

[0001] The presentinvention relates to an active object
detection sensor that transmits detection rays for object
detection toward a detection area, and detects an object
based on a reception signal generated when receiving
detection rays reflected by the object.

(Description of Related Art)

[0002] To date, an active object detection sensor has
been known which transmits detection rays, such as in-
frared rays or near infrared rays, for object detection,
from a transmitter toward a detection area, causes a re-
ceiver to receive detection rays reflected by an object
and to generate a reception signal, and detects an object
such as a human body when the reception signal is de-
termined as having a level that exceeds a setting level.
[0003] As an example of the active object detection
sensor, the use is made of a sensor that forms a detection
area divided into a plurality of division areas, to arrange
plural columns of the division areas in the lateral direction,
and arrange plural rows of the division areas in the lon-
gitudinal direction from a position close to the sensor to-
ward a position distant from the sensor (for example, Jap-
anese Laid-Open Patent Publication No. 2009-115792,
JP 2013-72863 and JP 2009-122044). The active object
detection sensor is, for example, used for an automatic
door sensor so as to detect an object for the automatic
door.

[0004] Fig. 3A shows anexample of asensor. The sen-
sor includes three phototransmitter (transmitter) ele-
ments 3 (elements EA to EC) and three photodetector
(receiver) elements 4 (elements Ea to Ec) that are paired,
respectively, so as toform three pairs. On the phototrans-
mitter (transmission) side, a light transmission area
(transmission area) TA having six division areas is
formed by the three phototransmitter elements 3, a lens
body 5, and a phototransmitter-side prism 7. On the pho-
todetector (reception) side, a light reception area (recep-
tion area) RA having six division areas is formed by the
three photodetector elements 4, a lens body 6, and a
photodetector-side prism 8. The light transmission area
TA and the light reception area RA are overlaid or over-
lapped on each other to form a detection area AA. The
prisms 7 and 8 each have, for example, a plurality of
triangular portions each having two prism surfaces.
[0005] For example, a detection ray from an element
EA of the phototransmitter element 3 is diffused by the
two prism surfaces of the prism 7 in two directions, to
form an area A of a division area TA11 and an area A’
of a division area TA14 of the light transmission area TA,
and detection rays are received by an element Ea of the
photodetector element 4 via the two prism surfaces of
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the prism 8 from two directions, that is, from an area a
of a division area RA11 and an area a’ of a division area
RA14 of the light reception area RA. A division area A1
of a first row or line is formed by the light transmission
area TA11 and the light reception area RA11, and a di-
vision area A2 of a second row or line is formed by the
light transmission area TA12 and the light reception area
RA12. As shown in Fig. 3B, division areas A1 to A6 in
which the light transmission areas TA11 to TA16 and the
light reception areas RA11 to RA16 of six lines are over-
laid or overlapped on each other in the longitudinal di-
rection, are aligned from a position close to a sensor 100
toward a position distant from the sensor 110, to form
the detection area AA. Itis to be noted that a plurality of
division areas are formed in the lateral direction for each
of the six rows or lines of the division areas A1 to A6,
which lateral division areas are not shown.

[0006] Fig. 6A illustrates an example of a conventional
sensor. In general, areas of two prism surfaces of a prism
P are set such that a ratio between an area of a prism
surface Pb by which a ray is applied to a rear portion
corresponding to a short distance portion (closer to the
sensor), and an area of a prism surface Pa by which a
ray is applied to a front portion corresponding to a long
distance portion (farther from the sensor) is 50:50 on
each of the phototransmitter side and the photodetector
side respectively. Therefore, as shown in Fig. 6B and
Fig. 6C, the division areas RA11 and RA16, on the pho-
todetector side, which are positioned at a position close
to the sensor 110 having the prism P and a position dis-
tantfrom the sensor 110 having the prism P, respectively,
are formed by prism surfaces having the same area, and
the division areas TA11 and TA16, on the phototransmit-
ter side, which are positioned at a position close to the
sensor 110 having the prism P and a position distant from
the sensor 110 having the prism P, respectively, are
formed by prism surfaces having the same area.

[0007] When this sensor is used as an automatic door
sensor, the longer a distance between the sensor and a
division area of the detection area is, that is, the farther
the division area of the detection area is from the auto-
matic door toward the external region, the lower the de-
tection sensitivity is likely to become. Therefore, in a case
where a door is to be immediately opened for a person
approaching the automatic door from the external region,
a detection sensitivity for the distant division area is low
and detection becomes difficult, to reduce a response
speed. In this case, it can be considered that a detection
sensitivity is enhanced. However, enhancement of de-
tection sensitivity leads to increase of an influence of a
noise, and an S/N ratio cannot be improved, to make
improvement of detection performance difficult.

[0008] On the one hand, in a division area close to the
automatic door, detection sensitivity is unnecessarily en-
hanced due to a short distance from the sensor, so that
malfunction is likely to occur. Thus, in the case as de-
scribed above, in the distant division area, detection per-
formance cannot be improved, whereas, in the close di-
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vision area, detection sensitivity is unnecessarily en-
hanced to increase the number of times of malfunction,
and the sensor is impractical.

[0009] On the other hand, it is known that, in order to
make the detection sensitivity uniform over the entirety
of the detection area, an angle of the prism surface is
varied (for example, Japanese Laid-Open Patent Publi-
cation No. 2004-170128). However, a mechanism for
moving or rotating a prism the angle of which is gradually
varied is necessary, and detection performance cannot
be sufficiently improved for the distant division area.

SUMMARY OF THE INVENTION

[0010] The presentinvention has been made to solve
the above problems and has an object to provide an ac-
tive object detection sensor that is capable of improving
detection performance even in a detection area that is
distant from a sensor, to advantageously obtain balance
in sensitivity and an S/N ratio over the entirety of the
detection area with ease.

[0011] In order to attain the aforementioned object, an
active object detection sensor of the present invention
operates to form a detection area by a transmission area
and a reception area each having a plurality of division
areas, and detect an object in the detection area. The
active object detection sensor includes: a plurality of
transmitter elements each configured to transmit a de-
tection ray for object detection, to the transmission area;
a plurality of receiver elements each configured to re-
ceive the detection ray reflected by the object in the re-
ception area; and a transmission-side optical divider and
a reception-side optical divider, disposed in front of the
transmitter elements and the receiver elements, respec-
tively, wherein each optical divider includes a plurality of
optical dividing pieces having a plurality of optical deflec-
tion surfaces on which an angle of traveling direction of
the detection ray is varied to a plurality of angles so as
to correspond to the plurality of the division areas. And
each of the optical dividing pieces has a first optical de-
flection surface and a second optical deflection surface.
In the optical dividers, a ratio of an area of the second
optical deflection surface forming a division area that is
closer to the sensor, relative to an area of the first optical
deflection surface forming a division area that is farther
from the sensor, is set so as to be different between a
transmission side and a reception side.

[0012] With the plurality of optical deflection surfaces
mentioned above on which a traveling direction angle of
the detection ray is varied to a plurality of angles so as
to correspond to the plurality of division areas, the pho-
totransmitter-side optical divider varies an angle of a
traveling direction of a detection ray, to a plurality of an-
gles, for dividing toward the plurality of division areas,
and the photodetector-side optical divider varies each
traveling direction angle of the plurality of detection rays
mentioned above, to equalin orderto collect the detection
rays from the plurality of division areas. So, in this con-
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figuration, the ratio of the area of the second optical de-
flection surface that forms the division area that is closer
to the sensor, relative to the area of the first optical de-
flection surface that forms the division area that is farther
from the sensor is set so as to be different between the
transmission side and the reception side. Thus, by se-
lecting the ratio of area, in each the division area, a trans-
mission power on the transmission side and a detection
sensitivity on the reception side can be adjustedina given
manner. Therefore, a predetermined detection sensitivity
for the division area can be set according to a mounting
environment without adjusting a transmission power of
the transmitter itself. Even in the division area that is far-
ther from the sensor, an S/N ratio can be enhanced and
an object detection performance can be improved, and
a balance in sensitivity and an S/N ratio can be advan-
tageously adjusted over the entirety of the detection area
with ease.

[0013] Preferably, on the transmission side, the ratio
of the area of the second optical deflection surface to the
area of the first optical deflection surface is set such that
the area of the first optical deflection surface that forms
a division area that is farther from the sensor is greater
than the area of the second optical deflection surface that
forms a division area that is closer to the sensor. Prefer-
ably, on the reception side, the ratio of the area of the
second optical deflection surface to the area of the first
optical deflection surface is set such that the area of the
first optical deflection surface is less than the area of the
second optical deflection surface. Then, the ratio of the
area of the second optical deflection surface to the area
of the first optical deflection surface on the reception side
is set so as to be greater than the ratio of the area of the
second optical deflection surface to the area of the first
optical deflection surface on the transmission side.
[0014] Inthis case, anarea of the first optical deflection
surface that forms the division area that is farther from
the sensor on the transmission side is made greater than
an area of the second optical deflection surface thatforms
the division area that is closer to the sensor on the trans-
mission side, and thus a transmission power can be in-
creased in the division area. An area of the first optical
deflection surface is made less than an area of the sec-
ond optical deflection surface on the reception side, and
thus a detection sensitivity can be reduced to reduce an
influence of ambient light. Further, the ratio of the area
of the second optical deflection surface to the area of the
first optical deflection surface on the reception side is set
so as to be greater than the ratio of the area of the second
optical deflection surface to the area of the first optical
deflection surface on the transmission side. Therefore,
object detection performance for the division area that is
farther from the sensor can be improved with ease. Thus,
abalance in detection sensitivity and an S/N ratio can be
advantageously adjusted over the entirety of the detec-
tion area.

[0015] Preferably, the ratio of the area of the second
optical deflection surface to the area of the first optical
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deflection surface on the transmission side, and the ratio
of the area of the second optical deflection surface to the
area of the first optical deflection surface on the reception
side are set so as to get close to each ratio in opposite
directions, respectively, in magnitude relationship. Fur-
ther, preferably, a ratio of the area of the second optical
deflection surface to the area of the first optical deflection
surface is set so as to be less than 1 on the transmission
side, and is set so as to be greater than 1 on the reception
side. In this case, a balance in detection sensitivity and
an S/N ratio can be more advantageously adjusted over
the entirety of the detection area.

[0016] Preferably, each of the optical divider is a prism
having a plurality of prism surface that varies an angle
of traveling direction of the detection ray, to a plurality of
angles. Therefore, the division areas can be easily
formed.

[0017] Any combination of at least two constructions,
disclosed in the appended claims and/or the specification
and/or the accompanying drawings should be construed
as included within the scope of the present invention. In
particular, any combination of two or more of the append-
ed claims should be equally construed as included within
the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In any event, the present invention will become
more clearly understood from the following description
of preferred embodiments thereof, when taken in con-
junction with the accompanying drawings. However, the
embodiments and the drawings are given only for the
purpose of illustration and explanation, and are not to be
taken as limiting the scope of the present invention in
any way whatsoever, which scope is to be determined
by the appended claims. In the accompanying drawings,
like reference numerals are used to denote like parts
throughout the several views, and:

Fig. 1 illustrates a detection area as viewed from a
sliding direction of an automatic door using an active
object detection sensor for use in the automatic door
according to one embodiment of the present inven-
tion;

Fig. 2A is a schematic perspective view of the active
object detection sensor;

Fig. 2B is a plan view of the active object detection
sensor;

Fig. 3Ais a schematic diagramillustrating a detection
area in which a light transmission area by a pho-
totransmitter element and a light reception area by
a photodetector element are overlaid or overlapped
on each other;

Fig. 3B is a side view of the detection area in which
the light transmission area and the light reception
areas are overlaid or overlapped on each other;
Fig. 4A is an enlarged cross-sectional view, taken
along a line IVA-IVA in Fig. 2B, illustrating a prism
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on a photodetector side;

Fig. 4B is an enlarged cross-sectional view, taken
along a line IVB-IVB in Fig. 2B, illustrating a prism
on a phototransmitter side;

Fig. 5A is a side view of a light reception area on a
photodetector side according to one example;

Fig. 5B is a side view of a light transmission area on
a phototransmitter side according to one example;
Fig. 6A is an enlarged cross-sectional view of a con-
ventional prism;

Fig. 6B is a side view of a light reception area on a
photodetector side; and

Fig. 6C is a side view of a light transmission area on
a phototransmitter side.

DESCRIPTION OF EMBODIMENTS

[0019] Hereinafter, one embodiment of the presentin-
vention will be described with reference to the drawings.
Fig. 1 illustrates a detection area AA, as viewed from a
sliding direction of an automatic door 60, in the case of
an active object detection sensor 100 for use in an auto-
matic door being used for starting an opening/closing
controller of the automatic door, according to one em-
bodiment of the present invention. As shown in FIG. 1,
the active object detection sensor 100 is provided in a
transom 50, and the detection area AA is formed by six
lines of division areas A1 to A6 in the longitudinal direc-
tion, from a position close to the sensor 100 toward a
position distant from the sensor 100. In the detection area
AA, an object such as a human body H is detected. It is
to be noted that a plurality of division areas are formed
also in the lateral direction for each of the division areas
A1 to A6 of the six lines, which lateral division areas are
not shown. The plurality of areas in the lateral direction
may not be formed.

[0020] As shownin Fig. 2A, the active object detection
sensor 100 is, for example, an AIR (Active InfraRed de-
tection) sensor, and includes: a phototransmitter (trans-
mitter) 1 that transmits near infrared ray, as one kind of
detection rays for object detection, toward the detection
area AAdescribed above; and a photodetector (receiver)
2 that receives detection ray reflected by an object to
generate a light reception signal. Fig. 2B is a plan view
of the sensor shown in Fig. 2A as viewed from above the
sensor.

[0021] The phototransmitter 1 includes: for example,
three transmitter elements (hereinafter, also referred to
as phototransmitter elements) 3 including infrared emit-
ting diodes for transmitting nearinfrared rays as detection
rays; a lens body 5 disposed in front of the phototrans-
mitter elements 3; and a phototransmitter-side optical di-
vider 7, such as a prism, disposed in front of the lens
body 5. The photodetector 2 includes: three receiver el-
ements (hereinafter, also referred to as photodetector
elements) 4; a lens body 6, disposed in front of the pho-
todetector elements 4, for collecting near infrared rays
reflected from the detection area AA such that the reflect-
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ed near infrared rays are incident on each photodetector
element 4; and a photodetector-side optical divider 8,
such as a prism, disposed in front of the lens body 6. In
Fig. 2, the optical divider 7 and the optical divider 8 are
integrated with each other. However, the optical divider
7 and the optical divider 8 may be separately provided.
The lens bodies 5 and 6 operate to define or constrain
the detection area AA. Each of the optical dividers 7 and
8 has peaks and troughs extending in a lateral or hori-
zontal direction.

[0022] As shown in Fig. 3A, on the phototransmitter
(transmission) side, a light transmission area TA having
six division areas TA11 to TA16 is formed by the three
phototransmitter elements 3, the lens body 5, and the
phototransmitter-side prism 7. On the photodetector (re-
ception) side, alightreception area RA having six division
areas RA11toRA16 is formed by the three photodetector
elements 4, the lens body 6, and the photodetector-side
prism 8. The light transmission area TA and the light re-
ception area RA each having six division areas are over-
laid or overlapped on each other, to form the detection
area AA having the division areas A1to A6. As shownin
Fig. 3B, for example, a division area A1 of a first row or
line is formed by RA11 and TA11, and division areas are
similarly formed up to a division area A6 of a sixth row
or line formed by RA16 and TA16.

[0023] Fig. 4A and Fig. 4B are a cross-sectional view
taken along a line IVA-IVA in Fig. 2B, and a cross-sec-
tional view taken along a line IVB-IVB in Fig. 2B, respec-
tively. As shown in Fig. 4B, the phototransmitter-side
prism 7 has a plurality of optical dividing pieces (prism
pieces) 7S having first and second optical deflection sur-
faces (prism surfaces) 7a, 7b that vary an angle of a
traveling direction of a detection ray, to a plurality of an-
gles, for example, two angles, for dividing toward the plu-
rality of division areas, and the plurality of optical dividing
pieces 7S are integrally formed. The first optical deflec-
tion surface 7a forms a division area that is farther from
the sensor 100 (forms a front portion of the detection
area). The second optical deflection surface 7b forms a
division area that is closer to the sensor 100 (forms a
rear portion of the detection area). In this example, an
area of the first optical deflection surface 7a that forms
a division area that is farther from the sensor 100 (in the
light transmission area TA) is set so as to be greater than
an area of the second optical deflection surface 7b that
forms a division area that is closer to the sensor 100 (in
the light transmission area TA). That is, on the pho-
totransmitter side, a ratio of an area of the second optical
deflection surface 7b to an area of the first optical deflec-
tion surface 7a is set so as to be less than 1.

[0024] As shown in Fig. 4A, the photodetector-side
prism 8 has a plurality of optical dividing pieces (prism
pieces) 8S having first and second optical deflection sur-
faces (prism surfaces) 8a, 8b that vary each angle of
traveling directions (such as angles of incidence) of two
aforementioned detection rays, to a single identical angle
(such as a refracted output angle) so as to collect the
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detection rays from the plurality of division areas, and
the plurality of optical dividing pieces 8S are integrally
formed. The first optical deflection surface 8a forms a
division area that is farther from the sensor 100 (forms a
front portion of the detection area). The second optical
deflection surface 8b forms a division area that is closer
to the sensor 100 (forms a rear portion of the detection
area). In this example, an area of the first optical deflec-
tion surface 8a that forms a division area that is farther
from the sensor 100 (in the light transmission area RA)
is set so as to be less than an area of the second optical
deflection surface 8b that forms a division area that is
closer to the sensor 100 (in the light transmission area
RA). Thatis, on the photodetector side, a ratio of an area
of the second optical deflection surface 8b to an area of
the first optical deflection surface 8a is set so as to be
greater than 1. It is to be noted that, on at least one of
the phototransmitter side detection ray and the photode-
tector side detection ray, an angle of a traveling direction
(such as the angle of incidence for the prism 7) of the
detection ray is changed based on an angle of a given
optical deflection surface, to enable the detection ray to
be varied and assigned to any given division area.
[0025] Thus, in the plural optical deflection surfaces of
the respective prism pieces 7S, 8S, a ratio of an area of
the second optical deflection surface that forms the divi-
sion area that is closer to the sensor, relative to an area
ofthe first optical deflection surface that forms the division
area that is farther from the sensor is set so as to be
different between the transmission side and the reception
side, and the ratio has a value different from 1 on both
sides.

[0026] For example, as indicated in one example
shown in Fig. 5B, in the light transmission area TA, an
area of the first optical deflection surface 7a that forms
the division area TA16 farthest from the sensor 100
(forms the forefront of the detection area) is set to 80 that
is greater than 50 in conventional art (Fig. 6C), and an
area ofthe second optical deflection surface 7b thatforms
the division area TA11 closest to the sensor 100 (forms
the rearmost portion of the detection area) is set to 20
that is much less than 50 in conventional art (Fig. 6C).
Thus, the ratio of the area of the second optical deflection
surface 7b to the area of the first optical deflection surface
7ais setto 1/4 that is less than 1.

[0027] As shown in Fig. 5A, in the photodetector side,
an area of the first optical deflection surface 8athat forms
the division area RA16 farthest from the sensor 100
(forms the forefront portion of the detection area) is set
to 40 that is slightly less than 50 in conventional art (Fig.
6B), and an area of the second optical deflection surface
8b that forms the division area RA11 closestto the sensor
100 (forms the rearmost portion of the detection area) is
set to 60 that is slightly greater than 50 in conventional
art (Fig. 6B). Thus, the ratio of the area of the second
optical deflection surface 8b to the area of the first optical
deflection surface 8a is set to 1.5 that is greater than 1.
As above, the ratio of area on the transmission side and
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the ratio of area on the reception side are set so as to
get close to each ratio in opposite directions, respective-
ly, in magnitude relationship. Further, the ratio of area
has a value different from 1 on each of the transmission
side and the reception side.

[0028] When a light transmission power of the pho-
totransmitter 1 itself is constant, each detection sensitiv-
ity for the division areas A1 to A6 of the detection area
AA are in proportion to values obtained by multiplying
values of the areas of the optical deflection surfaces for
the division areas TA11 to TA16 of the light transmission
area TA, by values of the areas of the optical deflection
surfaces for the division areas RA11 to RA16 of the light
reception area RA, respectively, since the detection area
AA is formed by the division areas TA11 to TA16 of the
light transmission area TA and the division areas RA11
to RA16 of the light reception area RA.

[0029] For example, a detection sensitivity of the divi-
sion area A6 that is farthest from the sensor 100 is in
proportion to a value obtained by multiplying the value,
80, of the area of the first optical deflection surface 7a
that forms the division area TA16 of the light transmission
area TA, by the value, 40, of the area of the first optical
deflection surface 8a that forms the division area RA16
of the light reception area RA. Therefore, the detection
sensitivity of the division area A6 represents a value,
3200, that is higher than 2500 (=50x50) (Fig. 6B, Fig.
6C) in conventional art. On the other hand, a detection
sensitivity of the division area A1 that is closest to the
sensor 100 is in proportion to a value obtained by multi-
plying the value, 20, of the area of the second optical
deflection surface 7b that forms the division area TA11
of the light transmission area TA, by the value, 60, of the
area of the second optical deflection surface 8b that forms
the division area RA11 of the light reception area RA.
Therefore, the detection sensitivity of the division area
A1 represents a value, 1200, that is less than 2500 in
conventional art.

[0030] Thatis, a detection sensitivity of the division ar-
ea that is farther from the sensor 100 is increased as
compared to a detection sensitivity of conventional art,
and a detection sensitivity of the division area that is clos-
er to the sensor 100 is reduced as compared to a detec-
tion sensitivity of conventional art.

[0031] Further, an amount of noise in the division area
A6 that is farthest from the sensor 100 is in proportion to
avalue, 40, of an area of the first optical deflection surface
8athat forms the division area RA16 of the light reception
area RA, and the amount of noise represents a value,
40, that is less than 50 in conventional art. On the other
hand, an amount of noise in the division area A1 that is
closest to the sensor 100 is in proportion to a value, 60,
of an area of the second optical deflection surface 8b that
forms the division area RA11 of the light reception area
RA, and the amount of noise represents a value, 60, that
is higher than 50 in conventional art.

[0032] That is, an influence of a noise in the division
area that is farther from the sensor 100 is reduced as
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compared to conventional art, and an influence of a noise
in the division area that is closer to the sensor 100 is
increased as compared to conventional art.

[0033] Aratio betweenan S/Nratioforthe division area
A6 that is farther from the sensor 100 and an S/N ratio
for the division area A1 that is close to the sensor 100 is
compared between the present embodiment and a con-
ventional art, and the results are as follows.

In a conventional art, S/N (AB6):S/N
(A1)=2500/50:2500/50=1:1
In the present embodiment, S/N (A6):S/N

(A1)=3200/40:1200/60=4:1

[0034] In this case, it appears that a balance in the
present embodiment is reduced or is worse than the con-
ventional art since the S/N ratio is different depending on
whether the division area is closer to the sensor 100 or
farther from the sensor 100. However, the balance is not
reduced. In practical use, the same object enters the di-
vision area A6 and the division area A1 in general, and
a signal value detected in the division area A1 is greater
than a signal value detected in the division area A6 even
for the same object since the division area A1 is closer
to the sensor 100 than the division area A6 is. If the signal
value of the division area A1 is four times greater than
the signal value of the division area A6, the balance
based on the above ratio is very advantageous.

[0035] Thus, in the present embodiment, an influence
of a nose in the division area that is closer to the sensor
can be also considered while object detection perform-
ance for the division area that is farther from the sensor
can be improved.

[0036] Therefore, a ratio of an area of the second op-
tical deflection surface 7b to an area of the first optical
deflection surface 7a on the phototransmitter side is set
so as to be less than a ratio of an area of the second
optical deflection surface 8b to an area of the first optical
deflection surface 8a on the photodetector side. Further,
aratio of an area of the second optical deflection surface
7b to an area of the first optical deflection surface 7a on
the phototransmitter side and a ratio of an area of the
second optical deflection surface 8b to an area of the first
optical deflection surface 8a on the photodetector side
are set so as to get close to each ratio in opposite direc-
tions, respectively, in magnitude relationship. Further, a
ratio of an area of the second optical deflection surface
to an area of the first optical deflection surface is set so
as to be less than 1 on the phototransmitter side, and is
set so as to be greater than 1 on the photodetector side.
In this case, a balance in sensitivity and an S/N ratio can
be advantageously adjusted over the entirety of the de-
tection area.

[0037] In the above configuration, the automatic door
apparatus shown in Fig. 1 determines whether or not a
light reception signal that is individually inputted from the
photodetector elements 4 for each line has a level that
exceeds a setting level. When the automatic door appa-
ratus determines that the light reception signal has a level
that exceeds the setting level, it outputs an object detec-
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tion signal to a not-illustrated opening/closing controller
of the automatic door 60. According to the object detec-
tion signal, the automatic door 60 is opened or closed.
[0038] Thus, in the present embodiment, the ratio of
the area of the second optical deflection surface that
forms the division area thatis closerto the sensor, relative
to the area of the first optical deflection surface that forms
the division area that is farther from the sensor is set so
as to be different between the transmission side and the
reception side. Thus, by selecting the ratio of area, in
each division area, a transmission power on the pho-
totransmitter (transmission) side and a detection sensi-
tivity on the photodetector (reception) side can be adjust-
ed in a given manner. Therefore, a predetermined de-
tection sensitivity for the division area can be set accord-
ing to a mounting environment without adjusting a trans-
mission power of the transmitteritself. Evenin the division
area that is farther from the sensor, an object detection
performance can be improved, and a balance in sensi-
tivity and an S/N ratio can be advantageously adjusted
over the entirety of the detection area with ease.

[0039] A main axis, such as an optical axis, of the lens
body on the phototransmitter side is adjusted to the pho-
totransmitter element that forms the division area that is
farther from the sensor, and a main axis, such as an
optical axis, of the lens body on the photodetector side
is adjusted to the photodetector element that forms the
division area that is closer to the sensor, to enable ad-
justment of an S/N ratio. However, a division area that is
formed by a detection ray of an element deviated from
the main axis is likely to be unfocused. Further, by the
size of the lens body on the phototransmitter side being
increased and by the size of the lens body on the photo-
detector side being reduced, the S/N ratio can be adjust-
ed. However, different size lenses are necessary, which
causes increase in cost.

[0040] In each embodiment, near infrared rays are
used as detection rays. However, detection rays are not
limited to near infrared rays. For example, visible light,
infrared rays, microwaves, or laser light may be used.
[0041] In each embodiment, a prism is used as an op-
tical divider. However, the optical divider is not limited to
aprism. For example, a mirror having a plurality of optical
deflection surfaces (mirror surfaces) may be used. Fur-
ther, an optical divider for division into three or more may
be used instead of the aforementioned optical divider for
division into two.

[Reference Numerals]

[0042]

1. phototransmitter (transmitter)
photodetector (receiver)

3 phototransmitter (transmitter) ele-
ment

4 - photodetector (receiver) element

5,6 lens body
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7 phototransmitter-side optical divid-
er (prism)

7S - optical dividing piece (prism piece)

7a - first optical deflection surface
(prism surface)

7b - second optical deflection surface
(prism surface)

8- photodetector-side optical divider
(prism)

8S - optical dividing piece (prism piece)

8a - first optical deflection surface
(prism surface)

8b - second optical deflection surface

(prism surface)

60 - automatic door

100 -~ active object detection sensor

AA - detection area

A1to A6 - division area

TA - light transmission area (transmis-
sion area)

TA11 to TA16 - division area

RA - lightreception area (reception area)

RA11 to RA16 -+ division area

Claims

1. Anactive object detection sensor (100) that operates
to form a detection area (AA) by a transmission area
(TA) and a reception area (RA) each having a plu-
rality of division areas (A1to A6, TA11to TA16, RA11
to RA16), and detect an object in the detection area
(AA), the active object detection sensor (100) com-
prising:

a plurality of transmitter elements (3) each con-
figured to transmit a detection ray for object de-
tection, to the transmission area (TA);

a plurality of receiver elements (4) each config-
ured to receive the detection ray reflected by the
object in the reception area (RA); and

a transmission-side optical divider (7) and a re-
ception-side optical divider (8), disposed in front
of the transmitter elements (3) and the receiver
elements (4), respectively,

wherein each optical divider includes a plurality
of optical dividing pieces (7S, 8S) having a plu-
rality of optical deflection surfaces (7a, 7b, 8a,
8b) on which an angle of traveling direction of
the detection ray is varied to a plurality of angles
so as to correspond to the plurality of the division
areas,

characterised in that each of the optical divid-
ing pieces has a first optical deflection surface
(7a, 8a) and a second optical deflection surface
(7b, 8b), a ratio of an area of the second optical
deflection surface (7b, 8b) forming a division ar-
ea thatis closer to the sensor, relative to an area
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of the first optical deflection surface (7a, 8a)
forming a division area that is farther from the
sensor, being set so as to be different between
a transmission side and a reception side.

The active object detection sensor (100) as claimed
in claim 1, wherein on the transmission side, the ratio
of the area of the second optical deflection surface
(7b) to the area of the first optical deflection surface
(7a) is set such that the area of the first optical de-
flection surface (7a) is greater than the area of the
second optical deflection surface (7b), and

on the reception side, the ratio of the area of the
second optical deflection surface (8b) to the area of
the first optical deflection surface (8a) is set such
that the area of the first optical deflection surface
(8a) is less than the area of the second optical de-
flection surface (8b),

the ratio of the area of the second optical deflection
surface (8b) to the area of the first optical deflection
surface (8a) on the reception side is set so as to be
greater than the ratio of the area of the second optical
deflection surface (7b) to the area of the first optical
deflection surface (7a) on the transmission side.

The active object detection sensor (100) as claimed
in claim 1 or 2, wherein the ratio of the area of the
second optical deflection surface (7b) to the area of
the first optical deflection surface (7a) on the trans-
mission side, and the ratio of the area of the second
optical deflection surface (8b) to the area of the first
optical deflection surface (8a) on the reception side
are set so as to be less than 1 on the transmission
side and greater than 1 on the reception side.

The active object detection sensor (100) as claimed
in claim 1, wherein the ratio of the area of the second
optical deflection surface (7b) to the area of the first
optical deflection surface (7a) on the transmission
side, and the ratio of the area of the second optical
deflection surface (8b) to the area of the first optical
deflection surface (8a) on the reception side are both
set so as to have a value different from 1.

The active object detection sensor (100) according
to any one of the preceding claims, wherein each of
the optical dividers (7,8) is a prism having a plurality
of prism surfaces that vary an angle of traveling di-
rection of the detection ray, to a plurality of angles.

Patentanspriiche

1.

Sensor fiir aktive Objekterkennung (100), der zum
Bilden eines Erkennungsbereichs (AA) durch einen
Sendebereich (TA) und einen Empfangsbereich
(RA), die jeweils mehrere Teilbereiche (A1 bis A6,
TA11 bis TA16, RA11 bis RA16) haben, und zum
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Erkennen eines Objekts im Erkennungsbereich (AA)
arbeitet, wobei der Sensor fir aktive Objekterken-
nung (100) Folgendes aufweist:

mehrere Senderelemente (3), die jeweils zum
Senden eines Erkennungsstrahls zur Objekter-
kennung zum Sendebereich (TA) konfiguriert
sind;

mehrere Empfangerelemente (4), die jeweils
zum Empfangen des Erkennungsstrahls konfi-
guriert sind, der von dem Objekt im Empfangs-
bereich (RA) reflektiert wird;

einen sendeseitigen optischen Teiler (7) und ei-
nen empfangsseitigen optischen Teiler (8), die
vorden Senderelementen (3) bzw. den Empfan-
gerelementen (4) angeordnet sind,

wobei jeder optische Teiler mehrere optische
Teilungsstlcke (7S, 8S) enthalt, die mehrere
optische Ablenkungsflachen (7a, 7b, 8a, 8b) ha-
ben, an denen ein Laufrichtungswinkel des Er-
kennungsstrahls in mehrere Winkel verandert
wird, um den mehreren Teilungsbereichen zu
entsprechen,

dadurch gekennzeichnet, dass

jedes der optischen Teilungsstiicke eine erste
optische Ablenkungsflache (7a, 8a) und eine
zweite optische Ablenkungsflache (7b, 8b) hat,
wobei ein Verhéltnis eines Bereichs der zweiten
optischen Ablenkungsflache (7b, 8b), der einen
Teilungsbereich bildet, der ndher am Sensor ist,
relativ zu einem Bereich der ersten optischen
Ablenkungsflache (7a, 8a), der einen Teilungs-
bereich bildet, der weiter vom Sensor entfernt
ist, so eingestellt ist, dass es zwischen einer
Sendeseite und einer Empfangsseite verschie-
den ist.

Sensor fir aktive Objekterkennung (100) nach An-
spruch 1, wobei auf der Sendeseite das Verhaltnis
des Bereichs der zweiten optischen Ablenkungsfla-
che (7b) zu dem Bereich der ersten optischen Ab-
lenkungsflache (7a) so eingestellt ist, dass der Be-
reich der ersten optischen Ablenkungsflache (7a)
groRer als der Bereich der zweiten optischen Ablen-
kungsflache (7b) ist, und

auf der Empfangsseite das Verhaltnis des Bereichs
der zweiten optischen Ablenkungsflache (8b) zu
dem Bereich der ersten optischen Ablenkungsflache
(8a) so eingestellt ist, dass der Bereich der ersten
optischen Ablenkungsflache (8a) kleiner als der Be-
reich der zweiten optischen Ablenkungsflache (8b)
ist,

das Verhaltnis des Bereichs der zweiten optischen
Ablenkungsflache (8b) zu dem Bereich der ersten
optischen Ablenkungsflache (8a) auf der Empfangs-
seite so eingestellt ist, dass es grofer als ein Ver-
haltnis des Bereichs der zweiten optischen Ablen-
kungsflache (7b) zu dem Bereich der ersten opti-
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schen Ablenkungsflache (7a) auf der Sendeseite ist.

Sensor fiir aktive Objekterkennung (100) nach An-
spruch 1 oder 2, wobei das Verhéltnis des Bereichs
der zweiten optischen Ablenkungsflache (7b) zum
Bereich der ersten optischen Ablenkungsflache (7a)
auf der Sendeseite und das Verhaltnis des Bereichs
der zweiten optischen Ablenkungsflache (8b) zu
dem Bereich der ersten optischen Ablenkungsflache
(8a) auf der Empfangsseite so eingestellt sind, dass
es auf der Sendeseite kleiner als 1 und auf der Emp-
fangsseite gréRer als 1 ist.

Sensor fiir aktive Objekterkennung (100) nach An-
spruch 1, wobei das Verhaltnis des Bereichs der
zweiten optischen Ablenkungsflache (7b) zum Be-
reich der ersten optischen Ablenkungsflache (7a)
auf der Sendeseite und das Verhaltnis des Bereichs
der zweiten optischen Ablenkungsflache (8b) zum
Bereich der ersten optischen Ablenkungsflache (8a)
auf der Empfangsseite jeweils so eingestellt sind,
dass sie einen von 1 verschiedenen Wert haben.

Sensor fiur aktive Objekterkennung (100) nach ei-
nem der vorhergehenden Anspriiche, wobei jeder
der optischen Teiler (7, 8) ein Prisma ist, das meh-
rere Prismenflachen hat, die einen Laufrichtungs-
winkel des Erkennungsstrahls in mehrere Winkel
verandern kénnen.

Revendications

Capteur de détection d’objet actif (100) qui fonction-
ne pour former une zone de détection (AA) par une
zone d’émission (TA) et une zone de réception (RA),
chacune comportant une pluralité de zones de divi-
sion (A1a A6, TA11aTA16, RA11 a RA16), et pour
détecter un objet dans la zone de détection (AA), le
capteur de détection d’objet actif (100) comprenant :

une pluralité d’éléments émetteurs (3), chacun
étant configuré pour émettre un rayon de détec-
tion, et ainsi détecter un objet, a la zone d’émis-
sion (TA) ;

une pluralité d’éléments récepteurs (4), chacun
étant configuré pour recevoir le rayon de détec-
tion réfléchi par 'objet dans la zone de réception
(RA) ; et

un diviseur optique du cbété émission (7) et un
diviseur optique c6té réception (8), situés en fa-
ce des éléments émetteurs (3) et des éléments
récepteurs (4) respectivement,

dans lequel chaque diviseur optique inclut une
pluralité d’éléments diviseurs optiques (7S, 8S)
comportant une pluralité de surfaces de déflec-
tion optique (7a, 7b, 8a, 8b) sur lesquelles un
angle de direction de déplacement du rayon de
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détection varie selon une pluralité d’angles de
sorte a correspondre a la pluralité des zones de
division,

caractérisé en ce que

chacun des éléments diviseurs optiques com-
porte une premiére surface de déflection opti-
que (7a, 8a) et une deuxieme surface de déflec-
tion optique (7b, 8b), un ratio d’'une zone de la
deuxieme surface de déflection optique (7b, 8b)
formant une zone de division qui est plus proche
du capteur, par rapport a une zone de la pre-
miére surface de déflection optique (7a, 8a) for-
mant une zone de division qui est plus éloignée
du capteur, étant défini de sorte a étre différent
entre un cété d’émission et un coté de réception.

Capteur de détection d’objet actif (100) selon la re-
vendication 1, dans lequel du c6té émission, le ratio
de la zone de la deuxiéme surface de déflection op-
tique (7b) par rapport a la premiére surface de dé-
flection optique (7a) est défini de sorte que la zone
de la premiére surface de déflection optique (7a) est
plus large que la zone de la deuxiéme surface de
déflection optique (7b), et

du coté réception, le ratio de la zone de la deuxiéme
surface de déflection optique (8b) par rapport a la
premiere surface de déflection optique (8a) est défini
de sorte que la zone de la premiére surface de dé-
flection optique (8a) est moins large que la zone de
la deuxiéme surface de déflection optique (8b),

le ratio de la zone de la deuxiéme surface de déflec-
tion optique (8b) par rapport a zone de la premiéere
surface de déflection optique (8a) du cbté réception
est défini de sorte a étre supérieur au rapport de la
zone de la deuxiéme surface de déflection optique
(7b) par rapport a la premiere surface de déflection
optique (7a) du cbété émission.

Capteur de détection d’objet actif (100) selon, soit la
revendication 1, soit la revendication 2, dans lequel
le ratio de la zone de la deuxiéme surface de déflec-
tion optique (7b) par rapport a la zone de la premiére
surface de déflection optique (7a) du coté émission,
et le ratio de la zone de la deuxiéme surface de dé-
flection optique (8b) par rapport a la zone de la pre-
miere surface de déflection optique (8a) du cbté ré-
ception sont définis de sorte a étre inférieurs a 1 du
coté émission et supérieurs a 1 du cbté réception.

Capteur de détection d’objet actif (100) selon la re-
vendication 1, dans lequel le ratio de la zone de la
deuxieme surface de déflection optique (7b) par rap-
port a la zone de la premiére surface de déflection
optique (7a) du cété émission, et le ratio de la zone
de la deuxieme surface de déflection optique (8b)
par rapport a la zone de la premiére surface de dé-
flection optique (8a) du coté réception sont tous deux
définis de sorte a avoir une valeur différente de 1.
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Capteur de détection d’objet actif (100), selon I'une
quelconque des revendications précédentes, dans
lequel chacun des diviseurs optiques (7, 8) est un
prisme comportant une pluralité de surfaces de pris-
mes qui fait varier un angle de direction de déplace-
ment du rayon de détection selon une pluralité d’an-
gles.

10

15

20

25

30

35

40

45

50

55

10

18



EP 2 884 303 B1

Fig. 1
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Fig. 3B
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Fig. 4A
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Fig. DA Fig. 5B
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Fig. 6A
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